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Introduction

There is a great interest in studying tetrahedral amorphous
carbon (ta-C), a new class of hydrogen-free hard amorphous
carbon films with unique properties that are very close to those
of diamond. ta-C films have excellent mechanical properties
(Hardness: 80 GPa, Young’s Modulus: 759 GPa) and
macroscale tribological properties (low wear rate: 1x10°
mm’N"'m™, friction coefficient: 0.1), and have hydrophobic
and chemically inert surfaces [1]. The material is best described
as an amorphous mixture of nanophases of tetrahedrally-
coordinated (sp°) carbon, comprising about 75-85% of the total,
with three-fold coordinated (sp”) carbon comprising the
remaining 15-25%. The three-fold coordinated carbon is not
randomly distributed but is instead clustered as conjugated
chain-like or, perhaps, sheet-like structures that is responsible
for moderate electrical conductivity. This allows for the
fabrication of electrically actuated MEMS structures without
doping [2][3]. The material is deposited at room temperature
using an energetic pure carbon beam that contains a significant
fraction of carbon ions with energies peaked near 100 eV. The
ablation plume created by focusing 248 nm light from a pulsed
excimer laser on to a graphite target provides a suitable pure
carbon source. The resulting films are hard, optically
transparent, moderately conductive, and atomically smooth (0.1
nm RMS roughness on Si, 1 nm roughness on SiO,) [1].

In order to investigate the tribo-chemistry of ta-C sliding on ta-
C, small amplitude reciprocating wear and pin-on-disk
experiments in dry N, with relative humidity values of 0%, 25%
and 50% were conducted. Friction was measured during sliding,
and the wear tracks were subsequently examined with both
atomic force microscopy (AFM) and X-PEEM-XANES (X-ray
photoelectron emission microscopy combined with X-ray
absorption near-edge structure spectroscopy)
spectromicroscopy. The primary goal was to determine if X-
PEEM could discern chemical differences between the wear
track and the unworn film. Not only does X-PEEM show
chemical differences in the wear tracks, but the changes are
distinct enough to allow quantitative interpretation of the
changes in the bonding structure due to wear. Thus, these
measurements  give information regarding the wear
mechanisms. Studies performed on ta-C at 50% humidity
showed extremely low friction. According to X-PEEM, a
weakly bonded carbonaceous layer that initially covers the ta-C

film is worn away inside the track. Surprisingly, this leaves
high-quality ta-C inside the wear track and creates graphitized
and oxygenated debris regions along the border of the wear
track. As with polycrystalline diamond films, friction increases
as the relative humidity decreases, and surprisingly, the degree
of oxidation of the wear track and the debris increases as well.
We will discuss changes observed in both friction and the
chemical signature of the surface as the percentage of relative
humidity in the environment is varied, and the relation between
humidity in the environment and the level of graphitization that
occurs in the wear track.
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